Records collected during 1971 through 1979 from 101,606 hogs raised in 18 Nebraska Specific Pathogen Free herds were analyzed. Traits considered were backfat at 100 kg (BF), weight at 140 d of age (WT) and, in some analyses, number of live pigs/litter at birth (NBA). The phenotypic correlation of BF and WT, averaged across herds, was -.07. The correlations between BF and NBA and between WT and NBA were .04 and -.05, respectively. Average phenotypic standard deviations for BF, WT and NBA were 2.6 mm, 8.8 kg and 2.0 pigs. Estimates of the heritability of BF and WT were lower than most estimates reported from university research herds. Within breed, herd and sex estimates of heritability ranged from -.22.and .51 (unweighted X, = .16 -+ .025) for BF and ranged from -.28 to .49 (X = .16 + .016) for WT. Estimates of the genetic correlation between BF and WT were extremely variable (X = -.62 + 14.3, range = -9.42 to 1.30) among breed-herd-sex subclasses.
Introduction
Cumulative genetic improvement in the commercial swine industry is provided entirely by the source of purchased breeding stock (Bichard, 1971) . In the United States, these purchased stocks are most often purebred sires. Therefore, it is very important that purebred breeders utilize selection practices that maximize 1Published as Paper No. 7020, Journal Ser., Nebraska Agr. Exp. Sta.
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The heritability of the characteristic in question is an important component of the response from selection. Development of an optimum linear index for multiple trait selection requires knowledge of phenotypic and genetic variances and covariances (Hazel, 1943) . Many estimates of the heritabilities of backfat at 100 kg and weight at 140 d of age, and the correlations among these traits, are in the literature (e.g., see reviews by Young et al., 1978; Hutchens and Hintz, 1981) . Most of the estimates of genetic parameters found in the literature were obtained from data collected from research herds. Estimates of these parameters from data collected on United States swine farms raising pigs for sale as breeding stock are not available. Reliable estimates would allow for development of optimum linear selection indexes that are directly applicable to on-farm selection programs.
The purpose of this study was to estimate phenotypic variances of, and correlations among, backfat at 100 kg (BF), weight at 140 d (WT) and nUmber of live pigs/litter at birth (NBA) in several Nebraska Specific Pathogen Free (SPF) swine herds. Heritabilities of BF and WT and their genetic correlation also were estimated.
Materials and Methods

Source of Data.
Records from 688,250 hogs farrowed in 165 Nebraska SPF herds during the years 1960 through 1979, inclusive, were made available for analyses. Each record may have included information on sire, dam and individual identification, breed, herd, sex, contemporary group, date of birth, NBA and WT. Backfat at about the fourth rib, last rib and last lumbar vertebra was measured on certified hogs, i.e., females with WT in excess of 68 kg and intact males whose WT was at least 1117 77 kg. Therefore, strict truncation selection on WT Was practiced. Backfat was measured by ruler probe. These three values were averaged and adjusted to 100 kg. Adjustment factors for both BF and WT were (Olson et al., 1977 Data represented swine raised in a broad range of environmental conditions. Housing conditions varied from outside lots to total confinement facilities. Data were collected by the SPF organization on a fee basis. All pigs were weighed and probed at or near 140 d of age. Many of the records did not include sire and dam identification. Only observations with individual and parental identification and breed, sex, herd, contemporary group, date of birth and WT information were utilized. Data from breed,herd-year subclasses with less than 60% of the records complete were not analyzed.
Death loss before measurement of WT accounted for the majority of incomplete records in the subclasses included in the analyses. In addition, herds with less than 1,900 records before editing procedures were disregarded.
This research included a study of selection practices and only herds where on-farm selection had been practiced were useful. A minimum of nine males and 76 females that were raised and subsequently produced offspring reared in herd-year subclasses meeting the edit requirements was considered necessary. These edit procedures yielded 101,606 observations for WT from 18 herds representing three breeds. Of these, 75,661 records included performance data for BF. No herds with data from 1960 to 1970 met all edit requirements and the time period involved in these analyses was 1971 through 1979. The time span, by herd, and the number of observations in each herd-sex subclass are listed in table 1.
Analyses of Data. The phenotypic correlation matrix for each herd-sex subclass was constructed from pooled within contemporary group variances and covariances. Variance of WT was evaluated both in populations of individuals where BF was and was not recorded. Therefore, variance of BF and covariances involving BF were adjusted for truncation based on minimum WT requirements (Robertson, 1977) . These adjustments were made with the following formulae: Here Vijkl = C i = Sj = Djk = Eijkl = the phenotype of the lth individual raised by the k th dam bred to the jth sire and reared in the ith contemporary group, overall mean with equal subclass numbers, effect of the ith contemporary group, effect of the jth sire, effect of the kth dam within the jth sire and random error.
Due to the size of herds E and J and the limitations of the computer, variance components were evaluated in five separate subsets of the data. In these herds only, all progeny from each sire were allocated randomly to a subset and data from each subset were fitted to the above model. Average results for herds E and J were obtained by weighting the estimates from each subset by the inverse of their variance.
The standard errors of the estimates of the heritability of BF and WT were approximated by modifying the formula of Dickerson (1969) for unequal subclass numbers (David, 1981) .
The genetic correlation between BF and WT (rG) was estimated from three analyses of variance by the above model of BF and WT and of a variable (F + W) computed as the sum of each individual's BF and WT measurements. Only observations which included BF and WT data were used. Data from three herds were used to test the effect of adjusting genetic correlations for truncation selection on WT. In each case, the adjustment did not change the size of the genetic correlation at the second decimal place. Therefore, no adjustments for truncation selection on WT were made when estimating r G. The sire component of variance in the analysis of the variable BF plus WT (F + W) has the expectation:
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The variance components represent the sire components of variance for BF and WT and the sire component of covariance between BF and WT. The genetic correlation estimate is then:
The standard error of r G was approximated with the formula for the function of mean squares, again modifying the formula suggested by Dickerson (1969) for unequal subclass numbers.
Results and Discussion
Phenotypic correlations involving BF, WT and NBA are presented in table 2. Within herd estimates of correlation coefficients for males and females were in general agreement. There was a small negative relationship between NBA and WT in most herds. The correlation between BF and NBA was very small, but usually positive. The phenotypic correlation between BF and WT varied from -.24 (herd N males) to .22 (herd M males). For 29 of the 36 estimates, this correlation was negative. In all herds except N and H, phenotypic correlations with an absolute value greater than .05 were different (P<.05) from zero. In herds N and H, the correlation needed to be larger than .10 to .15 to obtain this level of significance. Estimates of the phenotypic correlation between BF and WT were consistent with the literature average of values obtained in research herds (Hutchens and Hintz, 1981) . In one field data analysis, the correlation between average daily gain and BF was .09 (Puff, 1976) . Phenotypic variances and covariances can be calculated from the correlation coefficients and the standard deviations presented in table 3.
Heritabitity estimates of BF and WT and estimates of genetic correlations between these two characteristics are given in table 4 (females) and table 5 (males). Most estimates of heritability in these data were lower than those obtained from research herds and reported in reviews by Young et at. (1978) and Hutchens and Hintz (1981) . Mean literature estimates for heritability aMissing values of r G are due to negative estimates of sire components of variance for BF or WT in the truncated data set.
bweighted by the inverse of the variance of the estimate. of WT and BF were .26 and .40, respectively. One additional report of note is the research by Cox and Smith (1968) . Heritabilities of gain from 98 to 154 d and backfat were .15 and .40, respectively. These data were collected on pigs in an irradiation study at Iowa State University. All sires were a result of repeat sampling of Duroc and Hampshire herds in Iowa. Heritabilities of backfat and average daily gain in German Landrace purebred herds were .30 and .20, respectively (Puff, 1976) .
Estimates of the genetic correlation between BF and WT were extremely variable. Negative estimates of the sire component of variance were obtained for BF and for WT (in that portion of the population where BF was measured) in some herd-sex subclasses. Estimates of the genetic correlation were not possible in these herds because the denominator of the estimator includes the square root of the sire component of variance. Little additive genetic variation was found for both BF and WT in a few herds, i.e, those herds with estimates of heritability less than .10. At least 10% of the total variation in both BF and WT was genetic in nature for females and males in eight herds.
Mean values of heritabiiity and genetic correlation estimates were calculated by weighting the estimate for each herd-sex subclass by the inverse of its variance. This was done within and across sex. Results were .08 + .014 (h 2 for BF), .08 + .011 (h 2 for WT) and -.09 -+ .001 (r G) in females. Estimates from boar data were .07 + .016 (h 2 for BF), .07 -+ .013 (h 2 for WT) and -.03 + .020 (rG). The overall weightedleast-squares means were .07 + .011 (h 2 for BF), .08 + .009 (h 2 for WT)and-.09 + .001 (rG). Unweighted means across sex were .16 + .025 for heritability of BF, .16 + .016 for heritability of for the genetic correlation. Deleting herd D males from the mean changed the average genetic correlation to -.30 + .24. Mean values of the two heritabilities were similar in boars and gilts. Spearman's rank correlation coefficients between sexes were .29 for the heritability of BF, .24 for the heritability of WT and .40 for the genetic correlation. All rank correlations were nonsignificant, indicating a general lack of agreement between within herd estimates for each sex. Differences between herds in the aMissing values of r G are due to negative estimates of sire components of variance for BF or WT in the truncated data set.
bweighted by the inverse of the variance of the estimate.
proportion of males castrated could have caused some between-sex within-herd variation. Unequal proportions of males with BF recorded relative to females with BF measurements also could have been a factor in the estimates of the heritability of BF and the genetic correlation of BF with WT.
Weighting estimates of heritabilities and genetic correlation by the inverse of the variances of the estimate may bias estimates of average values. In these data, there is a positive relationship between the absolute value of the estimate and its standard error. Therefore, genetic correlations or heritabilities smaller in absolute value receive more weight than do those statistics larger in absolute value. Funkhouser and Grossman (1982) demonstrated that the bias in the estimate of the standard error of sire variance component estimates of heritability increased as the heritability increased. If their result, based on equal subclass numbers, can be extended to the case of unequal subclass numbers, this phenomenon would introduce the type of bias in the weighted mean discussed above. Therefore, it may be more reasonable to accept the unweighted mean of the estimates because it is unbiased, even though it is not a minimum variance estimate.
The most disturbing result from these analyses was the generally low estimates of heritability. With the amount of introduced breeding stock and the lack of intense selection pressure (David, 1981) , depletion of additive genetic variance in these herds was unlikely. The low levels of heritability for BF and WT are probably due to random and environmental variation. Realized heritability estimates in research herds have demonstrated that it is possible to control nongenetic variation so that the portion of the phenotypic variance associated with differences in average breeding values was larger than what was observed in these SPF herds (Hetzer and Harvey, 1967; Rahnefeld and Garnett, 1976) . If seedstock producers want to duplicate that progress, they must mimic the selection and management practices of these research herds.
Literature Cited
